The GeoMol Project focuses on the realization of 3D geological models of the Alpine Foreland Basins to support the assessment of subsurface potentials (geothermal energy, underground storage, groundwater, etc.).
INTRODUCTION
The assessment of geopotentials (geothermal energy, underground storage, groundwater, etc.) of the Alpine Foreland Basins (Molasse Basin and Po Plain, see Diepolder et al., this volume) is the main strategic goal of the GeoMol Project, funded by Alpine Space Programme-European Territorial Cooperation. The project will provide consistent 3-dimensional subsurface information based on coherent evaluation methods, criteria and guidelines developed at transnational level.
The novelty of the project is the application of a common approach at European scale not only with the aim to obtain homogeneous 3D models of the subsurface, but also to develop new methodologies that can be exported in other areas for similar purposes, especially where problems of concurrent use of geopotentials could arise between nations or regions.
Moreover the assessment of subsurface geopotentials must take into account the constraints given by the geological phenomena, for example the seismicity that is particularly relevant in the Italian pilot area, where historical and instrumental earthquakes had a great impact on the human activities (e.g., the seismic sequence of the May 2012 in the Emilia area) (Fig. 1) .
The Italian pilot area (3800 km 2 ), located in the central part of the Po Plain, has an important peculiarity when compared with the other GeoMol pilot areas, distributed along the Molasse Basin (Diepolder et al., this volume) : the occurrence of facing external thrust fronts of two chains, the Southern Alps and Northern Apennines (Carminati and Doglioni, 2012 and reference therein), buried under a thick Plio-Pleistocene clastic succession (maximum thickness 7000 meters).
The pilot area ( Fig. 1 ) runs NW-SE from Brescia to Mirandola crossing the Southern Alps thrust (turned from E-W toward NE in the Lake Garda area, along the Giudicarie belt) and the external front of the Northern Apennines along the Ferrara arc (Fig. 1 ). These two thrust fronts are separated by the south-dipping Mantova Monocline (Ghielmi et al. 2010) .
Due to this complex structural framework the sedimentary succession of the pilot area is characterized by a large variability of the stratigraphic units in terms of environment, Bigi et al. (1992) facies, and thickness (Fantoni et al. 2010; Ghielmi et al. 2013) . Both the orogens are characterized by active seismicity; the historical catalogue (Rovida et al., 2011) shows a concentration of activity along the Ferrara and Emilia arcs, and in the Giudicarie belt area (Fig. 1) . In addition the area covered by the available dataset includes the seismogenic sources of the May-June 2012 seismic sequence in Emilia and the epicentral area of the most destructive event of the Po Plain -the 1117 Verona earthquake (Basili et al., 2008 ; DISS Working Group, 2010) -, whose seismogenic source is still debated.
METHODOLOGY
The common workflow defined for the development of 3D models in the GeoMol Project is partly derived from the Georg Project (www.geopotenziale.org/home), but it underwent some modifications due to the specific characteristics of the available dataset (Fig. 2) .
The dataset for the Italian pilot area consists of published geological sections and maps (Pieri and Groppi, 1981; Bigi et al., 1992; Fantoni and Franciosi, 2010; R.E.R. and ENI-AGIP, 1998; R.L. and ENI-AGIP, 2002) , 12000 km of seismic profiles and 133 deep-well logs (Fig. 3A) kindly provided by ENI or available in the Ministero dello Sviluppo Economico website (http://unmig.sviluppoeconomico.gov.it/).
The main challenge of the GeoMol 3D modeling workflow is:
i. to harmonize data in time and depth domain with common criteria, in order to define a new stratigraphic vocabulary, which merges different original interpretations (Tab. 1); ii. to consistently integrate data that come in different domains of the vertical axes: time domain (seismic lines, velocity data, time-depth or time velocity curves of wells) and depth domain (published geological maps, cross sections, isobaths and isopachs maps).
After the criteria definition, the workflow follows two parallel approaches (Fig. 2) by interpreting and managing separately time domain and depth domain dataset. However an iterative process occurs during seismic interpretation as well data are used to check the depth of the digitized key seismic reflectors.
The further step is the construction of 3D models. This can be accomplished by following two approaches ( Fig. 2): i. to build a "raw" 3D model using only the information in time domain, by interpolating the interpreted seismic horizons and faults. This "raw" 3D model in time (Fig. 3B) can be depth-converted as a whole to quickly test the velocity models;
ii. to depth-convert the horizons and faults digitized in time domain and to integrate the objects with the depth domain dataset (Fig. 2) . In this case the best velocity model available for the area is used to run the time-depth conversion. At this point it is crucial to check the consistency of the time-depth conversion results with the constraints in depth domain. If important misfits are observed, the process must be reiterated Fig. 2 -Methodological workflow for the GeoMol Project changing the interpretation or the velocity model. The data can be then used to build surfaces and the depth 3D model. These objects can be populated with attributes previously stored (e.g., temperatures, lithological properties, etc.).
PRELIMINARY APPLICATIONS
The final use of GeoMol Project products is not restricted just to the geopotential assessment (e.g., 3D volume calculation of target units). As a matter of fact it also can be the base for other debated topics (e.g., relationship between Mesozoic extensional tectonic and Neogene compressional structures), as well as other applications (e.g., slip rates evaluation). Some preliminary examples are here briefly described.
3D VOLUME OF TARGET UNITS
One of the main goal of the geopotential assessment, especially for underground storage and geothermal uses, is to reconstruct the 3D volume of the target units, also taking into account their attributes (porosity, permeability, temperature, etc.). The geocellular volume construction is performed by using the available mapped horizons as volume constraints, which can be in turn formation tops or basal unconformities of sedimentary sequences (Tab. 1). The use of 3D modeling techniques allows quantifying the rock volume and the stochastic fractures network distribution, if enough data are available.
RELATION BETWEEN MESOZOIC EXTENSIONAL TECTONIC AND NEOGENE COMPRESSION
The mapping and 3D reconstruction of the structures related to the Mesozoic extensional tectonics in the foreland monocline is one of the topic of interest in the pilot area.
The inherited structures in the Mantova Monocline could have a great influence in the propagation of the external front of the Northern Apennines. These extensional structures have been recognized under the external front of the Ferrara arc (Rogledi, 2013) .
During the first step of the seismic interpretation it has been observed that in correspondence of the main normal displacement in the carbonatic succession, the overlying Apenninic detachment surface passes into a steep ramp (e.g., the Viadana Horst, Fig. 3C and D, and the Piadena structure). This interpretation will be tested in more detail using all the available seismic profiles and the 3D models.
SLIP RATE EVALUATION
The slip rates evaluation is an application that can be developed by processing the GeoMol dataset according to the workflow already developed in previous studies (Cooke and Marshall, 2006; Maesano et al., 2013) . In the proposed approach, the horizons deformed by potential active blind thrust are decompacted and restored with different algorithms on the base of the type of deformation observed (trishear, fault parallel flow, dislocation modeling).
This methodology for the slip rate calculation can be further improved by the large amount of data collected in the framework of the GeoMol Project to obtain the lateral variability of the slip rates along a fault and a better estimation of the sediment compaction influence on slip rate measurements.
CRITICAL POINTS AND FURTHER DEVELOPMENTS
Possible critical points are of geological and technical nature.
Geological critical points are mainly related to the harmonization of data published over a long span of time and interpreted in different ways. Other problems can arise during the final elaboration of the 3D modeling and regard its geological and geometrical consistency. To test the structural admissibility of the model, restoration and balancing of the key structures must be performed.
Technical problems are connected with the time-depth conversion and with the non-homogenous distribution of Ghielmi et al. (2013) .
attribute data in the pilot area. For this reason different algorithms will be tested to find the best way to interpolate attributes (ordinary kriging, inverse weight distance, natural neighbors).
The final product will be a multi-scale 3D model useful for management of shallow and deep underground resources, as water supply, geothermal energy and carbon and gas storage, respectively. 
